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KERATINIZATION OF EMBRYONIC SKIN*
A. GEDEON MATOLTSY, M.D.
In its earliest stage of development the epi-
dermis consists of a thin epithelial sheet. This
thin epithelium soon differentiates into two
layers. The upper layer, called periderm or epi-
trichium, consists of flat epithelial cells and the
lower one of cuboidal cells. This type of epidermis
persists up to about the 4th month in human
embryos (8) and to about the 14th day in mouse,
rat and chick embryos (2, 3). After this stage the
epidermis gradually approaches its definite form.
The euboidal cells multiply intensely, and change
into a multi-layered squamous epithelium while
the periderm becomes keratinized and forms the
first stratum eorneum. This stratum eorneum in
turn scales off and will be replaced by ascending
new horny cells.
While considerable information has been ob-
tained on morphological aspects of keratinization
of embryonic skin (8), only a few and isolated
observations are available on chemical and phys-
ical aspects of this process. Histoehemical studies
showed increased production of —SR-containing
material in late stages of epidermal development
(7) and electron microscope studies revealed the
presence of a fibrous keratin precursor in epider-
mal cells of young embryos (9, 10).
The purpose of the present investigation was
to study chemical and physical aspects of kera-
tinization in more detail and in relation to mor-
phological events of epidermal development. A
most characteristic feature of keratinization is
the production of an —511-rich fibrous protein
which undergoes various changes including orien-
tation and stabilization of the structure by means
of —S—S— bonds (4). In order to obtain infor-
mation about the formation of this structure, the
distribution of —SR groups and —S—-S— bonds
in embryonic chick epidermis was studied at
different stages of development. Furthermore,
oriented keratin was identified and studied by
the polarization optical method.
MATERiAL AND METHODS
For the present study dated chick embryos
were used. The scalp of embryos of 6, 8, 10, 12
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14, 16, 18 and 20 days of incubation was dissected
and fixed in Bouin's solution or in a solution
containing 1 gm of triehloraeetic acid dissolved
in 100 ml of 80 per cent alcohol. After embedding
in paraffin, cross sections about 7jz in thickness
were cut.
One group of sections was stained with hema-
toxylin and eosin. A second group was processed
according to Barrnett and Seligman's technic
(1) for identification of —SR groups, and a third
group in the same way as the second after reduc-
tion of —5—5— bonds. The fourth group was
left unstained, but mounted in Canada balsam,
for polarizing optical studies.
Keratin structures were studied with a Leitz
polarizing microscope according to the method
which was described in earlier papers (5, 6). The
height of the epidermis was measured in care-
fully selected areas of perfect cross sections. For
calculation of average values, usually 10 measure-
ments were made.
RESULTS
It was found that the epidermis of the scalp
of 6-day chick embryos, the earliest stage studied,
consists of a two-cell layer. The upper layer, the
periderm, contains flat epithelial cells with oval
nuclei oriented with their long axis parallel to
the skin surface. The lower layer consists of
euboidal cells with spherical nuclei. This epi-
dermis reacts very weakly with —SR reagent and
appears isotropic in polarized light (Figure 1,
6-day).
Between the 6th and 14th days of embryonic
life the epidermis thickens as the cell sheet under
lying the periderm becomes multilayered and its
cells tend to assume a columnar shape. The outer
surface of the periderm now shows a strong re-
action to —SR reagent, while the rest of the epi-
dermis remains weakly reactive. In polarized
light the whole epidermis still appears isotropic
(Figure 1, 10-day and 14-day).
Around the 16th day of embryonic life the
lower epidermal cells begin to flatten into squa-
mous cells. The cells of the periderm become ex-
tremely flattened and some of the nuclei degen-
erate. This periderm reacts intensely with —SR
reagent and also reveals a very weak birefrin-
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FIG. 1. Survey of epidermal development in scalp of chick embryos. Numbers indicate the age in
days of incubation of embryos.
H-E: Hematoxylin and cosin stained preparations
—SH: Specimens treated according to Barrnett and Seligman's technic to identify —SH groups
DR: Unstained preparations photographed in polarized light
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gence. The rest of the epidermis continues to be
weakly reactive to —511 reagent and appears
isotropic in polarized light (Figure 1, 16-day).
The cornified layer is formed from the pen-
derm and from some of the underlying cell layers
between the 16th and 18th days of embryonic
life. The cornified layer is about 4 to 5 cells thick
on the 18th day and consists of anucleate horny
cells. It shows intense reaction to —511 reagent
and also reveals moderate birefrigenee. The rest
of the epidermis is moderately reactive to —SH
reagent and isotropic in polarized light (Figure 1,
18-day).
The epidermis assumes its final state between
the 18th and 21st days of embryonic life. During
this period it becomes thinner and develops a
thick cornified layer which is strongly reactive to
—511 reagent and shows intense double refrac-
tion (Figure 1, 20-day). Since the stratum cor-
neum shows a more intense reaction to —SH rea-
gent after treatment with reducing agent, it can
be assumed that the keratin structure is stabilized
by a few —S—S—— bonds at this stage of devel-
opment.
Figure 2 shows the height of the epidermis in
relation to days of development. The curve in
Figure 2 can be divided into two characteristic
parts. The first part, showing increases in height
from the 6th to the 16th days is an S-shaped
curve, characteristic for growth. The second part,
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Fm. 2. Height of the epidermis is plotted
against days of epidermal development.
for 2 days, followed by a decrease up to hatching.
These alterations in height of late epidermis
coincide with the period of true keratinization
and appear as characteristics of the process of
keratinization.
nIsCussIoN
The results indicate that sulfhydryl-rich pro-
teins are not actively synthesized during the
early phase of epidermal development. A thin
layer, rich in sulfhydryl-containing protein is
formed as early as the 10th day of embryonic
life in the peripheral cytoplasm of the periderm
cells but only on their exposed outer borders.
This layer, which increases somewhat in thick-
ness and persists up to about the 16th day of
development, might represent an early protective
layer for embryonic epidermis. A sulfhydryl-
rich layer was also observed by Menefee in a
corresponding region of the epidermis of 13-day
mouse embryos, the earliest stage examined by
Menefee (7). According to Menefee, this layer in
the mouse consists of rows of small granules
which are oriented parallel to the skin surface
and appear to be associated with the cell wall.
The present study shows that true keratiniza-
tion in the chick starts at about the 16th day of
development. Intense production of —511-rich
protein and stabilization of keratin by —S-—S—
bonds takes place during the last few days of
embryonic life. The cause of alterations in height
of the epidermis during late epidermal develop-
ment is not clear and cannot be explained on the
basis of the present study. Hanson observed
similar decrease in height of epidermis in both rat
and mouse embryos at a late stage of epidermal
development (3).
5UMMAEv
Chemical and physical aspects of keratiniza-
tion were studied in embryonic skin by histo-
chemical and polarization optical methods. As
an experimental material, the scalp of dated chick
embryos was used. Formation of a thin, SH-rich
layer at the outer surface of the epidermis was
observed as early as the 10th day of embryonic
life. True keratinization started on the 16th day;
but a well-oriented and stabilized keratin was
formed only during the last 2— days of embryonic
life.
The author's sincere thanks are due to Margit
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Matoitsy for her valuable assistance during the
course of these studies.
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DISCUSSION
DR. STEPHEN ROTHMAN (Chicago, Ill.): I
would like to ask Dr. Matoltsy to specify how the
sulfhydryl reactions behaved with and without
adding reducing agents. In this beautiful em-
bryological study it seems to me rather important
to distinguish positive reactions indicating sulf-
hydryl groups from those which indicate disulfide
groups.
DR. A. GEDEON MATOLT5Y (in closing):
Tests for both —SR groups and —S—S— bonds
were performed in each age group. Positive re-
action for —S—S— bonds was obtained only in
20-day embryos, the younger ones showed nega-
tive result, thus indicating that —S—S— bond
formation starts only a few days before hatching.
ERRATUM
The following references were inadvertently omitted from the Stephen Rothman
Bibliography in the July, 1958 issue:
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